Summary. The Brattleboro diabetes insipidus mutant is incapable of synthesizing vasopressin, but is activated in its production and release of oxytocin. In the homozygous female mutant, there were abnormally short and long oestrous cycles and reduced conception rates after mating with mutant males, a shortened gestation length, and a shorter time-course of labour. A better conception rate when mutant females were mated with normal Brattleboro males indicates the involvement of a male factor in the subfertility. The reduced litter size in diabetes insipidus rats appeared neither dependent of the male's genotype, nor due to a decreased viability of diabetes insipidus fetuses.
Introduction
Brattleboro rats homozygous for diabetes insipidus (HOM-DI) are unable to synthesize vasopressin (Valtin & Schroeder, 1964) , although the hypothalamo-neurohypophysial system shows morphological signs of increased hormone synthesis Valtin, Sawyer Swaab, Boer & Nolten, 1973) and plasma oxytocin levels indeed are 5 times higher than in normal rats (Dogterom, Van Wimersma Greidanus & Swaab, 1977) . For this reason, the Brattleboro rat not only seems suitable for the study of diabetes insipidus (Laycock, 1976) , but also for studies of the involvement of neurohypophysial hormones in other physiological processes. Reproductive disturbances in the Brattleboro rat were immediately apparent when the mutant was discovered in 1960 and they were summarized as: semi-sterility, a high incidence of fetal deaths, stillbirths, runts (Valtin & Schroeder, 1964) , early post-natal deaths, and small litter size (Saul, Garrity, Benirschke & Valtin, 1968) . The high incidence of perinatal deaths in HOM-DI Brattleboro rats did not appear to be due to cephalo-pelvic disproportion, and it has therefore been suggested that difficulties during parturition may be the causal factor (Valtin, 1967) .
The present study investigated whether (a) disorders of the oestrous cycle were responsible for the subfertility in this mutant; (b) (Turner, 1960) (Boer, Lincoln & Swaab, 1975 Statistics. x2-testing of differences was used for the data on the oestrous cycle, fertility, and the genetic constitution of the offspring, while a Student's t test was applied to the differences in litter size. A Mann-Whitney U-test was used on the gestation length and birth interval data, and differences in gestation length independent of the covariant litter size were determined by multivariate analysis. Differences were regarded as significant at a probability level of 5%.
Results

Oestrous cycle
The HOM-DI rats showed a high incidence of cycles that were shorter (5/48 cycles com¬ pared with 0/34 cycles for HET-DI rats; not significant), or longer (14/48 compared with 1/34 for HET-DI rats, < 0-001) than 4 days (Table 1) . Equivalent data for HOM-N rats were not available. fig. 1 .
Most of the animals with 6 or more fetuses gave birth on Day 22. A circadian rhythm in the pattern of delivery was apparent in HET-DI and HOM-N females with a peak in the number of births occurring at the transition period from dark to light. In the HOM-DI animals parturitions occurred during the entire dark period between Days 21 and 22, and even in the light period of Day 21. The median gestation lengths were similar for HET-DI and HOM-N rats, while the value for HOM-DI animals was shortened by more than 3-5 h (HOM-DI/ HET-DI: < 0-05; HOM-DI/HOM-N: < 0-001).
Despite the selection for litters of 6 or more young there was still a difference in the mean litter size of the three genetically different groups of rats, the value for HOM-DI rats (9-0 ± 0-4) being smaller (P < 0-05) than that of HET-DI (10-5 ± 0-7) or HOM-N (10-1 ± 0-5) rats. However, a multivariáte analysis, excluding a possible influence of the covariant litter size, and making use of all data (including those from rats with <6 fetuses) again revealed no difference in gestation length between HET-DI and HOM-N rats, and a significant difference between HOM-DI and HOM-N rats (Table 3) . Since small litters were not equally common in the three groups (see above), the data for rats having <6 young, i.e. <5 birth intervals, were excluded from this analysis. The frequency distribution of birth intervals (Text- fig. 2 ) shows a similar picture for HOM-DI rats and HET-DI rats, both having more short intervals (<20 min) than did the HOM-N rats. This resulted in a medium birth interval shorter by 10 min in HOM-DI and HET-DI than HOM-N rats: HOM-DI 37% shorter (P < 0-001) and HET-DI 32% shorter (P < 0-001). Except for occasionally long birth intervals in each group of rats, usually half-way through or at the very end of parturition, this difference in the birth interval in HOM-DI and HET-DI rats was apparent throughout the parturition (Text-fig. 3 ). appeared, although our HOM-DI rats had a daily water intake and urine flow that equalled that of the most severely diseased animals in the study of Saul et al (1968) . It is impossible to say whether this discrepancy is due to further genetic alterations in the widely bred Brattleboro rat or to differences in husbandry (Boer, G. J. et al, 1980) and possibly developmental changes in sexual maturation (Glass, Harrison & Swerdloff, 1976) . Whatever the reason for the general improvement in fertility may be, differences in fertility were demonstrated between HOM-DI rats and HET-DI or HOM-N rats in the present study and could be related to alterations in neurohypophysial function (see 'Introduction'). The altered cyclicity in HOM-DI females is in keeping with data for ewes (Fletcher, 1973) , guineapigs (Gimeno, Borda, Rettori, Borda & Gimeno, 1973) and rabbits (Roca et al, 1978) that show an effect of oxytocin on ovarian contractility and time of ovulation. Similar changes in the Wistar rat oestrous cycle are found during dehydration, when the release of oxytocin and vasopressin is increased (for review, see Boer, 1976) .
Pregnancy in HOM-DI females was more likely when they were sperm-positive after mating with HOM-N than with HOM-DI males, although preliminary observations on sexual behaviour, using a test to sexual exhaustion, showed no differences between HOM-DI and HET-DI males in the total amount of mounts, intromissions and ejaculations (K. Boer The suggestion that HOM-DI embryos are less viable than normal embryos (Saul et al, 1968) was not supported by the present data, since the proportion of HOM-DI young in a litter from HET-DI parents was not significantly different from the theoretically expected level of 25%. For the same reason it seems unlikely that preferential intrauterine death of HOM-DI fetuses can account for the smaller litter size in HOM-DI females than in HET-DI and HOM-N females. The litter size was, moreover, independent of the male's genotype and consequent reproductive capabilities. Alternative explanations for the small litter size in HOM-DI rats might be increased motility of the oviduct (see Guiloff, Ibarra-Polo & Gomez-Rogers, 1974 , for man), and a disturbance of implantation (Buchanan & Smith, 1972) due to the high oxytocin levels. Since, however, oxytocin antibodies given to pregnant rats cause reduced litter size (Kumaresan, 1974) oxytocin seems to be involved in reproduction only when given at the right time and concentration.
Pregnant HOM-DI rats started to deliver their young earlier than did HET-DI and HOM-N rats, despite the smaller litter size which usually postpones labour (Schofield, 1968; Boer, 1976) . The elevation of plasma oxytocin in the DI Brattleboro seems sufficient to explain this advance¬ ment of labour, since similar effects have been obtained by oxytocin infusion (e.g. Fuchs, 1972) and electrical stimulation of neurohypophysial hormone release (Boer et al, 1975) .
Elevated plasma oxytocin levels in HOM-DI females are probably also responsible for the acceleration in the course of labour observed in these animals as compared with HOM-N females. The fact that HET-DI females also gave birth more quickly, although gestation length was not shortened in HOM-DI females, is less easy to explain but could be related to a small elevation of plasma oxytocin, since vasopressin synthesis and release is known to be slightly disturbed in HET-DI rats (Miller & Moses, 1971) . Electrical stimulation of the maternal pituitary stalk resulted in an advance of the start of labour but no acceleration of the course of labour in parous rats (Boer et al, 1975) and the reverse in primigravid rats (Boer, 1976 ). An active role by the fetus in the course of labour (see Boer, Swaab & Visser, 1979; ) might also explain why the earlier labour in HOM-DI females occurs at the same velocity as labour in HET-DI females: HET-DI mothers might benefit more from the additional fetal oxytocin release than would HOM-DI females in which oxytocin levels are already markedly elevated.
In conclusion, once they are pregnant, HOM-DI Brattleboro rats do not have dramatically affected reproductive processes. Differences in fertility of the HOM-DI male, in litter size and in onset and course of labour of HOM-DI females could all be due (in part) to the concomitant higher oxytocin levels in these animals.
